Wpływ terminu siewu i elementów meteorologicznych na ilość i strukturę plonu nasion gorczycy białej (Sinapis alba L.) ABSTRACT Three-year field experiment with white mustard grown for seeds was carried out as a single factor experiment in the completely randomized block design with four replications. White mustard was sown at intervals of seven days, from the beginning of April until the turn of June and July, and harvested after reaching seed maturity. The field experiment was established at the Luvisol with reaction close to neutral (pH in 1 M KCl 6.0) and average abundance in macroelements.
INTRODUCTION
In Poland, the annual production of white mustard seeds before EU accession amounted to about 15 -20 thousand tons (Kurowski and Jankowski, 2003) .
Currently, due to the use for sowing in catch crops, their production has increased significantly. White mustard is sometimes used as an emergency plant for sowing fields after winter plants destroyed by frost, often performed at delayed dates. Of the spring plants from the family Brassicaceae grown in Poland, it is characterized by the most faithful yielding and considerable resistance to drought (Krzymański et al., 1991; Toboła and Muśnicki, 1999) . According to Brandt (1992) , this resistance is dependent on the sowing date of mustard. For plants from later sowing dates, drought stress that occurs at the end of growth is more acute than for plants from the early sowing. Delaying the sowing date of white mustard leads to plant loss in the stand and shortening of the growing period, and in consequence, to a decrease in seed yield (Toboła and Muśnicki, 1999; Zielonka and Szczebiot, 2001) . Jankowski and Budzyński (2003) report that plant density, in addition to the number of siliques per plant, has a predominant effect on white mustard yield. The occurrence of drought in the growing period causes a decrease in seed yield by about 2.5%, and during flowering by 13%. White mustard plants show a higher susceptibility to water shortages in the period from the beginning of flowering to reaching full maturity, resulting in considerable reduction in yield (Zielonka and Szczebiot, 2001; McKenzie et al., 2006) . Also, excess rainfall is not desirable in this period. Toboła and Muśnicki (1999) observed a decrease in seed yields along with an increase in the hydrothermal coefficient over the period flowering -technical maturity and they suggest that this may result from simultaneous higher plant infestation by diseases, worse pollination of flowers or warmth insufficiency.
The research hypothesis assumed that the sowing date is one of significant factors determining the quantity of white mustard yield. It was supposed to believe that white mustard, as a long-day plant with strong photoperiodic response would react to a delay of the sowing date in relation to the early spring date with lower seed yields.
The aim of this study was to determine the effect of the sowing date of white mustard cultivar 'Nakielska' on the yield structure components and seed yield. This study was supposed to explain what delay in sowing of white mustard grown for seeds in relations to the optimal date is possible, and what dates should be regarded as too late for seed production.
MATERIALS AND METHODS
The experiment was established as a single-factorial in the complete randomized block design, with four replications. The experimental factor was the sowing date. The distance between consecutive sowing dates was seven days ( Mean daily air temperature and total precipitation in the period from April to October were considerably varied in the consecutive years of the study (Table 2) . In the first year of the study the precipitation totals over the period April-October were lower than the longterm means for this period by 62.4 mm, and in consecutive years they were higher by 42.4 mm (2006) July -there were very high amounts of rainfall (more than three times higher than in the other years of this study).
The mean daily temperature in the period from April to October was higher by 0.36 °C than the long-term mean for this period. In this year, very high temperatures were recorded in June, where the mean daily temperature was higher as compared with the long-term data by 1.9 °C.
RESULTS
Prior to harvest, significantly more plants were in the stand from the first sowing date -the beginning of Aprilthan in those sown at the beginning of June (dates 9, 10), or at the turn of June and July (date 13) (Table 3) .
White mustard had on average 89 siliques per plant (Table 3 ). The plants sown from the beginning to the third week of April (dates 1, 2) and from the last week of May to the first week of June (dates 8, 9) contained significantly more siliques than those sown at dates 6, 7, and 12. White mustard from 10 sowing date -about the middle of June it set significantly more siliques than at dates 7 and 12.
The mean number of seeds per silique of white mustard from the studied sowing dates was 4.5 (Table 3) .
Plants sown at dates from the end of April to the middle of May (dates 4-6) had the most seeds, and plants from the last four weeks of sowing (dates 10-13) formed the least seeds per silique. Moreover, the first three sowing dates in April (1-3) and from the middle of May until the beginning of June (7-9) contained more seeds per silique than plants from the last three sowing dates.
A yield of above 1 t seeds per hectare was harvested from plants sown between 04 April and 02 May (dates 1-4) and it was significantly higher than that obtained from plants sown at the turn of June and July (12-13) ( Table 4 ). Sowing mustard at 09-17 May (date 6) or later resulted in significantly lower yields than at early sowing (04-12 April).
The mean thousand seed weight (TSW) of white mustard was 5.96 g (Table 4 ). Plants from crops established from the beginning of April to the middle of July formed seeds that varied in weight from 4.77 g to 6.62 g. The seeds of plants sown about the middle of April (date 2), from the end of April to 24 May (4-7) and from 13-21 June (11) had a significantly higher TSW, as compared with those sown at the latest (12, 13).
The correlation coefficient r = -0.686 between the sowing date and seed yield indicates a significant, negative relationship between these traits. From the regression equation of seed yield relative to the sowing date ( Figure 1 ), it may be concluded with 47% probability that each delay of sowing by one day in relations to the adopted common date 1 st April resulted in a decrease in white mustard seed yield by 0.012 ton per hectare.
Multivariate regression analysis showed that the factors of greatest importance for affecting the seed yield of white mustard were the sowing date and the meteorological conditions in the period from sowing until budding ( Table 5 ). The form of the regression equation calculated for the period preceding sowing means that Table 1 . Values of observation marked with the same small letter within the column do not differ significantly at P<0.05. the highest seed yields of white mustard were harvested when the period between starting growth and the sowing date was as short as possible and the air temperature was higher, that is -at early sowings and during a warm their yield, but the yield also increased when there was a higher temperature and higher total day hours at that period.
In this study, white mustard gave a higher yield if its growing period was moderately long, the precipitation amount was higher and the value of the hydrothermal coefficient K was slightly lower, and plant development took place in the season with a systematically increasing day length (Table 5 ). The regression equation describing the relationship between the white mustard seed yield and the meteorological conditions prevailing throughout the growing period explained occurring interrelationships with a probability of 53.4%.
Plant density prior to harvest, seed yield and percentage of seeds in the total yield were significantly negatively correlated with the sowing date (Table 6) .
A significant rather strong correlation was proved between the seed yield and the plant density prior to harvest as well as the percentage of seeds in the total yield (Table 7 ). In the present study, the seed yield was significantly correlated with TSW and the number of seeds per silique, but not with the number of siliques per plant.
Original scientific paper DOI: /10.5513/JCEA01/20.3.2253 Harasimowicz-Hermann et al.: The effect of sowing date and meteorological elements on the quantity... * Words of equation with statistically significant partial correlation. x 1 -the number of days of the period; x 2 -total mean daily air temperature in the period (°C); x 3 -total daily precipitation in the period (mm); x 4 -the hydrothermal coefficient K of the period; x 5 -total day hours in the period. Preceding sowing (from 1 st April to sowing) Y = 1.225* + 0.009x 1 * -0.002x 2 * 60.9
From sowing to full emergences Y = 0.923* + 0.106x 1 * -0.007x 2 * -0.007x 3 * 59.8
From rosette formation to the end of Budding Y= 1.454* + 0.059x 1 * -0.004x 2 * -0.311x 4 * 71.5
Flowering Y = 0.450 -0.038x 1 -0.012x 3 +0.488x 4 + 0.003x 5 * 21.4
Maturing to date of harvest Y = 0.028 -0.044x 1 * + 0.002x 2 + 0.002x 5 41.4
In full growing period Y = 2.066 -0.003x 2 + 0.012x 3 -2.551x 4 + 0.002x 5 * 53.4 * Values of correlation coefficients statistically significant at P<0.05. Toboła and Muśnicki (1999) report that the mean seed yield of white mustard sown from the beginning of April to the beginning of May over 10 years amounted to 1.85 t/ha, and the minimal yield was 1.07 t/ha. These yields are much lower than those obtained in favorable environmental and cultivation conditions by Jankowski and Budzyński (2003) , McKenzie et al. (2006) and by DuVal (2015) -2.6-2.7 t/ha. In the present study it was documented that a delay of sowing date from the beginning of April until the beginning of July caused a decrease in white mustard seed yield from 1.4 to 0.3 t/ ha. However, summing up data by different authors, it may be stated that in spite of maintaining the sowing date according to the date commonly adopted as the optimal, there is always a risk of low yields, which results from a strong impact of the weather conditions on the yield level of white mustard. The results obtained by Toboła and Muśnicki (1999) , Zielonka and Szczebiot (2001) , Jankowski and Budzyński (2003) , Angadi et al. (2004) , Paszkiewicz-Jasińska (2005) and DuVal (2015) prove that pluvio-thermal conditions affect plant growth and development at individual stages as well as the traits which directly determine the seed yield. In the study by Zielonka and Szczebiot (2001) (Jankowski and Budzyński, 1999; Zielonka and Szczebiot, 2001; McKenzie et al., 2006) than sowing delay from the beginning of May until the beginning of June -8.1% weekly (Brandt, 1992) .
DISCUSSION
However, there is no results in the literature concerning the effects of further delay in sowing of white mustard grown for seeds. According to Angadi et al. (2004) , the benefits of early spring sowing are particularly significant under conditions of good soil moisture during this period.
In years that were characterized by worse moisture conditions in early spring, the sowing date has a lower impact on white mustard yield. In the present study it was proved that a reduction in yield resulting from a delay of sowing was mostly the effect of the reduced plant density. This was especially true for sowing delays from the beginning of April to the beginning of May. At that time, other yield structure components changed to a small extent, and sometimes even increased with the delay of sowing (the number of seeds per silique and TSW). According to Brandt (1992) , white mustard has a high ability to compensate low plant density by creating a larger number of siliques on the plant. In the present study this was particularly noticeable after a delay of sowing from 1 to 2 date, from 7 to 8 and from 12 In the experiments by Zielonka and Szczebiot (2001) and Barczak et al. (2011) , TSW of white mustard was 7.6-9.1 g. However, the studies by Szymczak-Nowak and Nowakowski (2002) , Ryant (2009) and Zając et al. (2011) prove that depending on the pluvio-thermal conditions in a given year TSW may be reduced and amount to even 5 g. In the present study, white mustard sown at typical dates formed seeds with TSW within the range from 6.07 g to 6.52 g, whereas from the latest sowings, at the turn of June and July, seeds were harvested with TSW below 5 g. Reduction of TSW did not significantly affect their seed value (Kisielewska and Harasimowicz-Hermann, 2006 ). Because of the low values of TSW, plant density and the number of seeds per silique, the seed yield of white mustard sown later than in the first half of June fell permanently below the profitability limit.
CONCLUSIONS
A delay of one day in sowing resulted in a decrease in white mustard seed yield by 0.012 tons per hectare.
White mustard gave a higher yield if its growing period was moderately long, the amount of precipitation was higher and the value of hydrothermal coefficient K was slightly lower, and plant development took place at the time of the year with a systematically increasing day length. Favorable for yielding were conditions that did not force rapid germination of seeds, with dry and cool weather -and such weather prevailed when white mustard was sown at April dates. To obtain high yields of white mustard seeds, it was necessary to provide the plants with sufficiently long time to produce the optimum vegetative mass as well as to form flower buds, which occurs in parallel with the development of leaf rosette.
Pluvio-thermal conditions accelerating the transition of plants into the generative phase turned out to be unfavorable. Higher seed yield was determined by a short time of flowering with gradually increasing day and a lower precipitation at this period, as well as shortening of the maturation stage of white mustard at higher 
